Background: Underlying malignancy can cause ischemic stroke in some patients. Mechanisms include the affection of the coagulation cascade, tumor mucin secretion, infections and nonbacterial endocarditis. The release of necrotizing factor and interleukins may cause inflammation of the endothelial lining, creating a prothrombotic surface that triggers thromboembolic events, including stroke. The aims of this study were to assess the occurrence of cancer in patients who had recently suffered an ischemic stroke and to detect possible associations between stroke and cancer subtypes. Methods: All ischemic stroke patients registered in the Norwegian Stroke Research Registry (NORSTROKE) as part of the ongoing Bergen NOR-STROKE study were included. Blood samples were obtained on admission. Stroke etiology was determined by the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria, and the severity of stroke was defined according to the National Institute of Health Stroke Scale score. Information about cancer disease after stroke was obtained from patient medical records and The Cancer Registry of Norway. Results: From a total of 1,282 ischemic stroke patients with no history of cancer, 55 (4.3%) patients were diagnosed with cancer after stroke. The median time from stroke onset to cancer diagnosis was 14.0 months (interquartile range 6.2-24.5). Twenty-three (41.8%) patients were diagnosed with cancer within 1 year and 13 (23.6%) within 6 months. The most common cancer type was lung cancer (19.0%). By Cox regression analysis, cancer after stroke was associated with elevated D-dimer levels on admittance (p < The study has used data from the Cancer Registry of Norway. Conclusions: Cancer-associated stroke is rare, and routine investigation for cancer seems unwarranted in acute ischemic stroke. However, in stroke patients with elevated levels of blood coagulation factors, C-reactive protein, higher age and a history of smoking, underlying malignancy should be considered. Our study suggests that an unknown stroke etiology does not predict malignancy.
Introduction
A link between cancer and stroke has long been recognized [1] . Some studies suggest that stroke, in some cases, is caused by underlying malignancy [2, 3] . Mechanisms include the affection of the coagulation cascade, tumor mucin secretion, infections and nonbacterial endocarditis [4] . The release of necrotizing factor and interleukins may cause inflammation of the endothelial lining, creating a prothrombotic surface that triggers thromboembolic events, including stroke [5, 6] . Elevated D-dimer and fibrinogen levels can indicate a cancerinduced prothrombotic state [7, 8] . Elevated C-reactive protein (CRP) may represent cancermediated inflammation [9] . Cancer patients are at an increased risk of stroke, especially within 1 year of cancer proliferation [10] . Though rarely, ischemic stroke has been seen as the first sign of underlying malignancy [7, 10] .
The aims of this community-based study were to assess the occurrence of cancer in patients who had recently suffered an ischemic stroke. We hypothesized that some of the patients had an underlying malignancy at stroke onset, which contributed to a cancer-associated stroke. We also aimed to detect possible associations between stroke and cancer subtypes.
Methods

Study Design
All patients admitted to the Department of Neurology, Haukeland University Hospital, Bergen, Norway, with confirmed ischemic stroke were prospectively included in the Norwegian Stroke Research Registry (NORSTROKE) as part of the Bergen NORSTROKE study.
Ischemic stroke was defined in accordance to the Baltimore-Washington Cooperative Young Study Criteria as neurologic deficit lasting >24 h or transient ischemic attacks where CT or MRI showed infarctions related to the clinical findings [11] . The severity of the stroke was assessed by the National Institute of Health Stroke Scale (NIHSS) on admittance. Shortterm outcome was determined by the modified Rankin Scale (mRS) score 7 days after stroke onset (or on discharge if the patient was discharged earlier than after 7 days). On admission, vital parameters and blood analyses were obtained. Clinical characteristics were registered by a neurologist <1 day after admission. Investigations included electrocardiogram, Duplex and transthoracic echocardiography or transesophageal echocardiography. The Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria were used to determine the cause of stroke [12] .
Stroke risk factors including hypertension, atrial fibrillation (AF), persistent foramen ovale, diabetes mellitus, angina pectoris, coronary artery disease and tobacco use were registered. Hypertension, angina pectoris, acute myocardial infarction, peripheral artery disease and chronic or paroxystic AF were considered present if diagnosed by a physician any time before stroke onset or during admission for stroke. The study was approved by the Norwegian Regional Ethics Committee.
Statistics
The patients formed two groups; the ISP who were diagnosed with a new diagnosis of cancer after stroke onset (cancer-ISP) and the ISP who had no history of cancer (non-cancer-ISP) before or after stroke. Student's t test and χ 2 analyses were used for the univariate analyses when appropriate. The Cox regression model was applied for multivariate analyses, and the statistical software Stata 13.0 was used for the statistical analyses.
Results
From a total of 1,282 patients with confirmed ischemic stroke, 55 (4.3%) patients had one or two cancer diagnoses after their stroke. The mean age in the cancer-ISP group was 72.7 years [standard deviation (SD) 11.5], and for the non-cancer-ISP group it was 69.5 years (SD 15.1). The median follow-up time of the entire study population was 26.9 months [interquartile range (IQR) 13.7-42.5], while for non-cancer-ISP alone (n = 1,227), the median follow-up time was 27.7 months (IQR 14.2-43.1). Table 1 shows the baseline characteristics of all ISP. Values are expressed as n (%), unless otherwise specified.
Time from Index Stroke to Cancer Diagnosis
The median time from stroke onset to cancer diagnosis was 14.0 months (IQR 6.2-24.5). Twenty-three (41.8%) patients were diagnosed within 1 year, 13 (23.6%) within 6 months and 9 (16.4%) within 3 months after stroke onset, including 4 (7.3%) diagnosed within 1 month. Three were diagnosed within 1 week after stroke onset with the following cancer diagnoses: lung cancer, prostate cancer and lymphoma. Of the patients diagnosed with cancer within 1 month, 2 had been diagnosed with lung cancer. Colorectal cancer (n = 4) had the shortest median time from stroke onset to cancer diagnosis, namely 4.0 months (IQR 1.3-22.0), followed by lung cancer (n = 12) with a median time from stroke onset to cancer diagnosis of 8.7 months (IQR 5.5-27.3).
Cancer Diagnoses
In total, the 55 patients had 64 cancer diagnoses, distributed among 13 different cancer types. The 7 most common cancer types were lung cancer (n = 12, 19.0%), prostate cancer (n = 10, 15.9%), colorectal cancer (n = 7, 11.1%), breast cancer (n = 7, 11.1%), gynecological cancer (n = 5, 7.9%), lymphoma (n = 4, 6.3%) and metastatic cancer of unknown primary site (CUP; n = 4, 6.3%). Table 2 describes the characteristics of the cancer subtypes. The 6 other types of cancer included 4 bladder, 4 gastric and 3 pancreatic cancers, 2 carcinomas in situ, 1 malignant melanoma and 1 sarcoma.
Smoking
There was no difference in smoking habits between the cancer-ISP group and the non-cancer-ISP control group. However, by cancer subtypes, lung cancer (p = 0.03) and lymphoma (p = 0.003) had a higher rate of smoking compared to non-cancer-ISP.
Blood Samples CRP was elevated in the cancer-ISP on admittance (p = 0.02). Among cancer subtypes, only lung cancer had increased mean CRP levels of 29.7 (SD 68.4, p ≤ 0.05). The D-dimer level was elevated in the cancer-ISP on admittance (p = 0.003). Among the cancer subtypes, lung cancer patients had increased D-dimer levels compared to ISP with a mean D-dimer of 3.7 (SD 6.3, p ≤ 0.05). Values are expressed as mean ± SD, unless otherwise specified. * p ≤ 0.05; ** p ≤ 0.01.
Stroke Etiology and Outcome
Of the 55 cancer-ISP, 21 (38.2%) had an unknown stroke etiology compared to 516 (42.1%) of the non-cancer-ISP (p = 0.09). Cardioembolic etiology was found in 32.7% of the cancer-ISP and 28.5% of the non-cancer-ISP. Among cancer subtypes, lymphoma had a higher frequency of cardioembolic etiology (p ≤ 0.05). The mRS score did not differ between non-cancer-ISP and cancer subtypes.
By Cox regression analysis, cancer after stroke was associated with increased D-dimer levels on admittance (p < 0.001), age (p = 0.01) and smoking (p = 0.04; table 3 ).
Discussion
We found that malignancy was detected in few patients (0.3%) within the first month after acute ischemic stroke. However, several previous studies have shown that ischemic stroke can be the first manifestation of cancer [2, 7, 13, 14] . One study found an underlying malignancy in 0.4% of their ischemic stroke patients [7] . We found that of all ischemic stroke patients with no prior cancer, 1.8% were diagnosed with cancer within 1 year. It has previously been reported that mainly advanced cancers create a massive risk [3] . For the ischemic stroke patients diagnosed with cancer within 6 months (1.0%), it is likely that they had an underlying malignancy at the time of stroke onset.
Knowing that specific tumor types may affect the vascular system in different ways, and that some cancers have similar risk factors as for stroke, analyses of subtypes of cancer are important [15] . Lung cancer, prostate cancer, colorectal cancer, breast cancer, gynecological cancer, CUP and lymphoma were the most common cancer types in our study. Prothrombotic states have previously been documented in cancer of the lung and colon as well as lymphomas. Lung cancer was overrepresented in our study, which also has been reported by similar studies of cancer-associated stroke [16] . Gynecological tumors are also reported to have a potential for being included in ischemic stroke pathogenesis [13] . Of the prostate cancer patients, 50% had an unknown stroke etiology. However, as prostate cancer is rarely mentioned in relation to prothrombotic state, our findings may be due to prostate cancer being the most common male cancer type in general and thus incidental to the stroke [17] . Both lung and colon cancer have been linked to smoking [18] . Smoking is also a risk of ischemic stroke and may be a confounding factor in some cancer-associated strokes.
Of the classic risk factors for ischemic stroke, smoking was the only one associated with cancer. Higher D-dimer and CRP levels were associated with cancer, especially with lung cancer. In concordance, previous studies have also shown a higher risk for stroke in lung cancer patients [19] . Increased D-dimer and CRP levels may be caused by cancer development [8, 9] .
The ISP with cancer were older than those in the control group. However, looking at the subtypes of cancer, the patients diagnosed with lung cancer and CUP were slightly younger than the control group. It has been shown that younger patients, below 49 years of age, often Table 3 . Cox regression analysis in ISP with and without cancer after stroke have different stroke etiologies than older stroke patients; prothrombotic state is more common and classic risk factors such as atherosclerosis are less common [20] . Stroke severity was similar between the two groups. A previous study defined stroke as being cancer related if stroke etiology was unknown and cancer was diagnosed within 6 months of stroke [10] . In contrast, we found no difference in etiology between our two groups. Thus, etiology may not be a predictor of cancer-associated stroke.
A limitation to our study was that the follow-up time differed among the study subjects. This may have caused a possible underestimation of cancer occurrence. On the other hand, patients diagnosed with cancer within 6 months after stroke onset may have been under careful medical surveillance due to their strokes, increasing the possibility of early cancer detection [16] . Because of the likelihood of stroke involvement in various cancers, it was necessary to study the subtypes of cancer separately. In doing so, each group consisted of a low number of study subjects. An advantage of the present study, as compared to previous studies, is the exclusion of patients with prior cancer [19] . This eliminates the question of whether the cancer treatment or the malignancy itself was the potentially involved factor in stroke pathogenesis.
Conclusion
Cancer-associated stroke is rare, and routine investigation for cancer seems unwarranted in acute ischemic stroke. However, in stroke patients with elevated levels of blood coagulation factors, CRP, higher age and a history of smoking, underlying malignancy should be considered. Our study suggests that an unknown stroke etiology does not predict malignancy.
